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Significant Findings
This assessment of bed-material transport uses methods developed in a previous study (Wallick and others, 2010) 
Introduction
The Chetco River is a steep, gravel-bed river in southwestern Oregon that drains 914 km Ongoing permitting actions have given rise to questions of possible effects from such mining on physical channel conditions (for example, Kondolf, 1994 Kondolf, , 1997 , prompting the U.S. Army Corps of Engineers, in conjunction with regulatory agencies and stakeholder groups, to request that the U.S. Geological Survey (USGS) complete a measurement and analysis program to evaluate transport rates of bed material and to assess changes in channels and flood plains for the lower 18 km of the Chetco River. In 2010, the USGS completed a comprehensive study of channel change and bed-material transport in the lower Chetco River for WY 1970 -2008 (Wallick and others, 2010 . This study uses identical methods to calculate bed-material flux for WY 2009 and 2010.
Purpose and Scope
This report presents daily bed-material transport as calculated at the location of the USGS Chetco River streamflow gaging station for October 1, 2008 1, , to March 30, 2011 . The daily flux estimates were calculated using equations of bedload flux described in Wallick and others (2010) Refer to Wallick and others (2010) for a description of the study area (including basin geology, hydrology, landuse, and historical disturbances to the channel, such as instream gravel mining) and data types and methods used to analyze channel change and bed-material transport in this study. 
Background
In Oregon, rivers potentially subject to inchannel gravel extraction undergo a two-phase process of review and assessment by multiple regulatory agencies, such as the U.S. Army Corps of Engineers. The first phase is a preliminary assessment of "vertical stability" primarily based on available information. If the Phase I analysis shows no clear evidence of adverse channel or flood plain conditions, a Phase II analysis may be initiated to provide more information relevant to permitting decisions. For the Chetco River, a Phase I analysis was completed in May 2007 (Janine Castro, U.S. Fish and Wildlife Service, written commun., 2007) . This assessment of maps and surveys concluded that although the lowermost 2 km of the river "appears to have deepened slightly over the past 20 years," there was no evidence of systematic channel incision for the balance of the lower 18 km of the Chetco River. These findings prompted the U.S. Army Corps of Engineers to request that the USGS complete a more extensive, Phase II, analysis for the Chetco River. The Phase II analysis, completed by Wallick and others (2010) , consisted of data acquisition and analysis aimed at (1) determining spatial and temporal rates of bedmaterial transport and (2) assessing planform and vertical changes to the river channel. Specific tasks in the Phase II analysis included: Among the findings from these multiple, independent analyses, Wallick and others (2010) determined that bed-material flux in the lower 18 km of the Chetco River was transport limited-that is, the transport capacity (the amount of sediment the channel could, theoretically, transport given its geomorphic and hydrologic characteristics) was approximately balanced by sediment supply. Average annual bed-material flux for the period 1970-2008 was approximately 84,000-210,000 metric tons. Most of this sediment was routed through the historically stable upper study reaches and deposited in the more dynamic lower gradient reaches. Analyses of channel change found a large reduction in bar area from 1939 to 2005 in the lower 18 km of the channel and up to 2 m of incision for large parts of the study area, which were attributed to a combination of (1) bedsediment removal and (2) transient effects as the river adjusted to large volumes of sediment delivered by the flood of December 1964.
On the basis of these findings, the U.S. Army Corps of Engineers and other regulatory agencies are working to adaptively manage instream gravel extraction in the Chetco River. Under currently proposed guidelines, the USGS will provide annual estimates of gravel recruitment, which regulatory agencies will use to determine the level of permissible gravel extraction. An ongoing monitoring and analysis program also entails additional measurements of bed-material transport to improve the existing transport capacity relations and ultimately establish a sediment-discharge rating curve for the Chetco River. Although two bedload transport measurements were obtained in the winter of 2010-2011, the findings from these measurements will be summarized in a subsequent report and are not reported herein. Future monitoring efforts will likely also incorporate future channel mapping from LIDAR and bathymetric surveys to assess longterm changes to channel morphology.
Location References
Locations along the channel alignment in summer 2008 are referenced to river kilometers (Rkm) measured from the mouth of the Chetco River ( fig. 1) Bed-material transport was calculated using sediment transport capacity relations of Parker (1990a,b) and Wilcock and Crowe (2003) , which both provide transport capacity in terms of mass (in kilograms). This report presents bed-material transport in terms of mass (in metric tons, equivalent to 1,000 kg). In the previous Chetco River bed-material transport study (Wallick and others, 2010) , bedload flux was presented in terms of volume (in cubic meters) by converting from mass to volume using equation (1) , n is in situ porosity of bed-material sediment, and ρ is particle density. In Wallick and others (2010) , an in situ porosity of 0.21 was applied based on a range of porosity data collected by Milhouse (2001) as presented in Bunte and Abt (2001) . A standard particle density of 2,650 kg/m 3 was applied.
Chetco River Study Area
Refer to Wallick and others (2010) for description of Chetco River Basin and study area.
Approach and Key Findings
For this study, we followed the approach developed by Wallick and others (2010) to calculate daily bed-material flux using established sediment-transport relations at the Chetco River USGS streamflow gaging station at FPkm 15.3 (14400000). A complete description of the equations and their application to the Chetco River are provided in Wallick and others (2010) and summarized here.
Estimation of Bed-Material Transport Rates Using Established Transport Equations
Application of bed-material transport formulas is a common means of estimating sediment fluxes in streams (Collins and Dunne, 1989; Gomez, 1991; Hicks and Gomez, 2003) . The basic premise of this approach is that for a site where hydraulic geometry and bed-material characteristics are known, transport capacity can be estimated as a function of discharge. Sediment-transport capacity is defined as the "maximum load a river can carry" (Gilbert and Murphy, 1914, pg. 35) . For gravel-rich, transport-limited streams such as the Chetco River, transport capacity can be used to approximate bedload flux, so long as a valid transport relation is applied and an accurate description of channel hydraulics and bed material are used as inputs to the formula.
On the basis of multiple, independent analyses, Wallick and others (2010) determined that transport capacity estimates as computed using the Parker and Wilcock-Crowe equations provided a reasonable approximation of bedmaterial flux. Both of these equations have a similar theoretical framework and use grainsize data from the bar surface. The major distinction between the two approaches is in determination of the reference Shields shear stress ( 
Calculation of Bed-Material Flux
In the previous Chetco River bed-material transport study, Wallick and others (2010) implemented the transport capacity relations using the software package Bedload Assessment in Gravel-bedded Streams (BAGS), (Pitlick and others, 2009 ). Within BAGS, users specify a transport equation, then provide cross section geometry, flow, and sediment parameters. The program then calculates the bed-material transport rate for a particular cross-section, at the specified flow. Repeating this process for multiple flows produces a relation between discharge (Q) and bed-material transport rate (Q s The ), producing a site-specific sedimentdischarge rating curve. For the Chetco River, the data underlying the calculated Q-Qs curves includes bed-material size data (collected at each of the analysis sites in 2008) and channel hydraulics, which were characterized with a validated HEC-RAS model constructed using 2008 LiDAR topography and 2008 bathymetric survey data (see Wallick and others [2010] for complete model description). Q-Q s relations serve as a basis for calculating annual sediment transport fluxes. Typically, annual transport volumes are calculated using mean daily values (for example, Collins and Dunne [1989] ), but because of the combination of the highly nonlinear transport rates and the rapid flow changes on the Chetco River during transport events, annual bed-material transport volumes determined from mean daily values are likely to underestimate true values. Therefore, Wallick and others (2010) based annual bed-material transport volumes on higher resolution unit-discharge values (recorded every 30 minutes before 2006 and every 15 minutes after 2006). However, substantial gaps in the unit-discharge data precluded a full accounting of sediment flux, so regression formulas were developed between daily transport volumes calculated from the unit-flow measurements and mean daily flow for all days of predicted transport (Wallick and others, 2010) .
In the previous Chetco River study (Wallick and others, 2010) , this process was repeated for multiple cross-sections throughout the study area, but in this study bed-material flux was calculated solely at the USGS streamflow gaging station at FPkm 15.3 (14400000) using the regression formula developed for that site by Wallick and others (2010) . The regression formula was applied to daily mean flow data from the period October 1, 2009 , to March 30, 2011 Although daily mean flow for the Chetco River gaging station is computed automatically on a daily basis, these data are considered provisional (subject to revision) until the data are formally reviewed and approved, which occurs on an ongoing basis. At the time this report was prepared, daily mean flow data were approved through December 28, 2010, so calculations for the period December 29, 2010 , to March 31, 2011 data and may be subject to change once the final, approved flow record is available.
Results of Calculated Bed-Material Flux
The 
